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ABSTRAK 

This study aims to analyze the effectiveness of using guided inquiry-based e-worksheets incorporating Augmented 

Reality (AR) on the development of students’ 21st-century skills in science learning, as viewed through the lens of 

gender and learning style differences. The study employs a quantitative approach with a pretest–posttest control group 

quasi-experimental design. The research subjects were eighth-grade students at a public junior high school in Bima 

City, divided into an experimental group (using AR-based e-worksheets) and a control group (using conventional 

worksheets). Data were collected through critical thinking skill tests, observation sheets for collaboration, 

communication, and creativity, as well as a learning style questionnaire. Data analysis was conducted using ANOVA, 

GLM, Bonferroni post hoc tests, and n-gain scores. The results indicated that the implementation of AR-integrated 

guided inquiry e-worksheets significantly influenced the improvement of 21st-century skills (sig. = 0.008 < 0.05), with 

an average n-gain score of 65.38% (classified as moderately effective). Gender and learning style did not significantly 

influence learning outcomes, indicating that the learning process was inclusive and adaptive. The highest improvement 

occurred in creativity skills, followed by communication, collaboration, and critical thinking. These findings confirm 

that the integration of AR into inquiry-based learning creates a contextual, interactive, and reflective learning 

environment that supports the comprehensive development of 21st-century skills. 
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INTRODUCTION 

The need for educational innovation in the digital age is becoming increasingly urgent. As times change 

and the industrial revolution progresses, developments in the world of education are also evident. Adaptation 

by stakeholders in the education sector has become crucial in this rapidly evolving landscape. This is 

particularly important for enhancing students’ 21st-century skills (Artacho et al., 2020; Bonfield et al., 2020). 

These skills include critical, creative, collaborative, and communicative thinking, which form a vital 

foundation for addressing global challenges and the rapid pace of technological advancement (Kennedy & 

Sundberg, 2020). These four key pillars enable students to actively participate in a global society fraught with 

complex challenges. Learning oriented toward mastering these skills not only strengthens individual 

competitiveness but also fosters the adaptive and innovative character necessary to face the uncertainties of 

the future. This expectation positions education in the digital age not merely as a transfer of knowledge but as 

a process that must cultivate higher-order thinking skills and social competencies grounded in the critical and 

responsible use of technology. 

Science education should address 21 st-century needs through practical and contextual approaches, not 

only theoretical instruction. As a subject that develops scientific thinking and problem-solving skills, science 

has strong potential to foster critical thinking, creativity, collaboration, and effective communication through 

authentic learning experiences. Connecting scientific concepts to everyday phenomena helps students 

understand the relevance of science to social and environmental issues. Therefore, innovative learning models 

and technology-assisted approaches, such as project-based learning, digital experiments, and contextual 

learning, are essential to strengthen science education and prepare students to become capable and competitive 

learners in the digital era. Despite the growing emphasis on twenty-first century competencies, science learning 

remains largely teacher-centered and offers limited opportunities to develop communication, collaboration, 
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creativity, and critical thinking. Abstract concepts and conventional worksheets further restrict engagement, 

highlighting the need for innovative, inquiry-based, and contextual learning approaches. One approach that 

can be applied to develop these skills is the guided inquiry learning model. Through this approach, students 

are guided to actively discover and construct their understanding through a series of questions and explorations 

led by the teacher (Dwi Hatria et al., 2024; Sejati et al., 2021; Treagust et al., 2020). According to Sarumaha 

(2022), this model is highly suitable for science education, which demands scientific processes and active 

student engagement. This is because it emphasizes scientific processes and active student involvement in 

discovering concepts. Activities such as formulating problems, developing hypotheses, conducting 

experiments, and analyzing and communicating observation results provide students with the opportunity to 

directly experience the scientific thinking process. 

This study is grounded in constructivist learning theory, Multimedia Learning Theory, and Inquiry 

Learning Theory to explain how augmented reality-assisted guided inquiry develops students’ twenty-first 

century skills. Constructivism emphasizes active knowledge construction through problem-solving and direct 

learning experiences (Almulla, 2023; Vijayakumar Bharathi & Pande, 2025). Guided inquiry supports this 

through systematic investigation with teacher guidance. Multimedia Learning Theory explains that AR 

improves understanding by combining verbal explanations with dynamic visual representations, helping 

students process abstract science concepts more effectively (Çeken & Taşkın, 2022; C. H. Chen, 2020). AR 

visualization also strengthens reasoning, communication, and critical thinking. Inquiry Learning Theory 

highlights questioning, hypothesis formation, evidence-based investigation, and conclusion drawing as 

essential scientific processes (Arifin et al., 2025; F. Chen & Chen, 2025). Together, these theories position AR-

assisted guided inquiry as a pedagogical approach that promotes collaboration, problem-solving, critical 

thinking, and scientific literacy. 

To support the effectiveness of the guided inquiry approach, the use of innovative learning materials is 

crucial. Digital e-worksheets have emerged as a modern learning solution capable of increasing student 

participation and supporting flexible learning. When e-worksheets are equipped with Augmented Reality (AR) 

technology, the student learning experience becomes more realistic, visual, and interactive (Dewi, Ambiyar, et 

al., 2024; Dewi, Kurani, et al., 2024). According to İbili (2020) and Isnaeni and Sa’diyah (2024), AR allows 

students to view and interact with 3D objects that represent abstract concepts in science. This can aid students’ 

visual understanding and increase the appeal of learning. The combination of guided inquiry and AR in e- 

worksheets has the potential to create a learning environment that is both challenging and enjoyable. 

The effectiveness of implementing a learning model is also influenced by individual student factors, 

such as gender and learning style. Gender can influence interest, engagement, and learning preferences 

(Aguillon et al., 2020; Tumbularani & Diana, 2024). Meanwhile, learning styles such as visual, auditory, and 

kinesthetic influence how students receive and process information (Djara et al., 2023; Shihab et al., 2023). It 

is important to understand how differences in gender and learning styles can affect the effectiveness of using 

AR-based e-worksheets in science education. There may be significant differences between male and female 

students in their responses to the instructional model. Additionally, certain learning styles may be better suited 

to specific instructional approaches. 

Although augmented reality and inquiry-based learning have been widely studied in science education, 

most research focuses on achievement, motivation, and conceptual understanding without considering 

individual learner characteristics. Limited attention has been given to the interaction of gender and learning 

styles in AR-supported inquiry learning, especially in elementary science. This creates a theoretical gap 

because AR effectiveness depends on how students process information and engage with visual-spatial tasks. 

Gender may influence participation and confidence, while learning styles affect how students understand 

scientific concepts (Idrizi et al., 2023). This study extends previous research by examining both the 

effectiveness of AR-assisted inquiry learning and the contribution of gender and learning styles to science 

learning outcomes, providing a more inclusive pedagogical framework. 

Several studies have examined the integration of AR in e-worksheet-guided inquiry. However, few of 

these studies have analyzed the findings from the perspective of individual differences, particularly gender and 

learning styles. In fact, an approach that takes into account student characteristics will result in more inclusive 

and adaptive learning (Saputra & Stiawan, 2024; Strielkowski et al., 2024). By understanding the influence of 

gender and learning styles, teachers can design more effective differentiated learning strategies (Gibon et al., 

2020). Therefore, this study aims to: (1) examine the effectiveness of augmented reality-assisted guided inquiry 

e-worksheets in improving students’ twenty-first century skills in science learning; (2) analyze whether 
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differences in gender influence learning outcomes; (3) investigate the contribution of learning styles to 

students’ twenty-first century skill development; and (4) evaluate the extent to which AR-supported inquiry 

learning provides an inclusive and adaptive learning environment for diverse learner characteristics. 

METHOD 

This study employs a quantitative approach with a quasi-experimental design. The study followed four 

stages: pretest, learning style identification, intervention, and posttest with observational evaluation. This 

design was chosen because the researcher sought to determine the effectiveness of using AR-based guided 

inquiry e-worksheets on students’ 21st-century skills, while considering moderator variables such as gender 

and learning style. This study employs a pretest-posttest control group design, consisting of an experimental 

group using AR-based e- worksheets and a control group using conventional e-worksheets without AR content. 

The AR medium used is adapted from Julkifli et al. (2025). The population for this study comprises all eighth-

grade students at one of the public junior high schools in Bima City with an age range of 14-15 years. The 

sample was selected using purposive sampling, considering the availability of technological resources and the 

active involvement of science teachers. Two classes were selected as the sample one class as the experimental 

group with 22 students, and one class as the control group with 21 students. The intervention was conducted 

for one consecutive week during regular science learning sessions, consisting of two meetings. The 

experimental group received guided inquiry learning supported by augmented reality-based e-worksheets, 

while the control group was taught using conventional guided inquiry methods without augmented reality 

integration. To maintain consistency of instruction and reduce teacher-related bias, both groups were taught by 

the same science teacher using the same learning objectives, curriculum content, and lesson duration. 

Data collection was conducted using the following instruments: (1) A critical thinking skills test, 

consisting of 8 open-ended questions representing each indicator. (2) A learning style questionnaire, using a 

modified version of the VARK Questionnaire to identify each student’s learning style. (3) A learning activity 

observation sheet, containing 15 statements to assess students’ levels of communication, collaboration, and 

creativity skills. The indicators for each 21st-century skill, along with the test items or observation statements, 

can be referred to in Table 1. 

Table 1. Research Instrument Outline 

21st-Century 

Skills 
Indicators Test/Observation Statement 

Communication 

Skills 

1. Conveys ideas clearly, both 

orally and in writing. 

2. Conveying information based 

on data or evidence. 

3. Using digital communication 

tools appropriately. 

4. Listening and responding to 

opinions effectively 

Observation statement: 

1. Students express their opinions clearly. 

2. Students use media to support their ideas. 

3. Students pay attention to and respond to their peers. 

4. Students use facts or data when expressing opinions 

Collaboration 

Skills 

1. Work effectively in groups. 

2. Actively contributing to shared 

tasks. 

3. Respecting others’ opinions. 

4. Resolving conflicts 

productively. 

Observation statement: 

1. Students demonstrate active cooperation. 

2. Students participate in completing group tasks. 

3. Students listen to and respect the ideas. 

4. Students are able to resolve disagreements 

peacefully. 

Creative 

thinking skills 

1. Generating original ideas to 

solve problems. 

2. Developing innovative 

solutions. 

3. Using various approaches in 

experiments. 

4. Combining information to 

create new concepts. 

Observation statements: 

1. Students present unique or previously unconsidered 

ideas 

2. Students propose new and different ways to complete 

tasks. 

3. Students try different approaches to solve problems 

4. Students combine various pieces of information to 

create a product or idea. 
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21st-Century 

Skills 
Indicators Test/Observation Statement 

Critical 

Thinking Skills 

1. Ability to identify problems. 

2. Analyzing information 

logically. 

3. Constructing valid arguments. 

4. Drawing appropriate 

conclusions based on data. 

Test: 

1. Identify independent, dependent, and control 

variables in a simple science experiment. 

2. Explaining the cause-and-effect relationship of a 

scientific phenomenon based on observational data. 

3. Formulating a hypothesis appropriate to a contextual 

problem (effect of light on plant growth). 

4. Interpreting graphs or tables of experimental results 

and relating them to relevant scientific concepts. 

5. Identifying logical errors or incorrect assumptions in 

experimental results. 

6. Argue based on experimental evidence to support or 

reject a hypothesis. 

7. Comparing two sets of observational data to 

determine the most rational result. 

8. Drawing valid scientific conclusions based on 

empirical evidence and theory. 

Data analysis techniques for the pretest and posttest results were analyzed using descriptive and 

inferential statistics. Normality and homogeneity tests were conducted as prerequisites for the analysis. 

Subsequently, Spearman’s rank correlation test was used to determine the effect of implementing AR-based e- 

worksheets on students’ 21st-century skills. ANOVA was used to determine differences in the effect of media 

use on students’ 21st-century skills when examined by gender and learning style. If a significant interaction 

was found, it was followed by post hoc tests. Furthermore, the Rash model was analyzed using WinStep to 

determine the difficulty level of the test instrument. Finally, the n-gain score test was used to determine the 

effectiveness of implementing AR-based guided inquiry e-worksheets. 

RESULTS AND DISCUSSION 

One-way ANOVA 

The first analysis was used to determine differences in 21st-century skills scores among students due to 

the implementation of AR-based electronic worksheets using a guided learning approach. The results are 

shown in Table 2. 

Table 2. Results of the Pre-test–Post-test ANOVA for Critical Thinking Skills 

ANOVA 

 Sum of Squares df Mean Square F Sig. 

Skor Pretest Between Groups 6.061 1 6.061 
2.789 .103 

Within Groups 89.102 41 2.173 

Skor Posttest Between Groups 30.625 1 30.625 
7.750 .008 

Within Groups 162.026 41 3.952 

Referring to Table 2, there is a difference in 21st-century skills scores among students due to the 

implementation of AR-based guided inquiry e-worksheets. This finding is indicated by a significant value of 

<0.05 (0.008) on the posttest scores, whereas the pretest showed no significant. Further post hoc ANOVA tests 

are required on the posttest data; however, a homogeneity test is required as a prerequisite. The results of the 

homogeneity test are presented in Table 3. 

Table 3. Results of the Homogeneity Test for 21st-Century Skills Scores  

Test of Homogeneity of Variances 

 Levene Statistic df1 df2 Sig. 

Communication .381 2 40 .686 

Collaboration 2.149 2 40 .130 

Creativity 2.311 2 40 .112 

Critical 1.506 2 40 .234 
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Table 3 shows that the posttest data for 21st-century skills in both research classes are homogeneous, so 

a Bonferroni post hoc ANOVA test can be used. The results are shown in Table 4. 

Table 4. Results of the Posttest ANOVA for 21st-Century Skills 

 ANOVA 

 Sum of Squares df Mean Square F Sig. 

Communication Between Groups 1.813 2 .906 
2.214 .122 

Within Groups 16.373 40 .409 

Collaboration Between Groups 1.142 2 .571 
1.298 .284 

Within Groups 17.602 40 .440 

Creativity Between Groups 3.728 2 1.864 
8.271 .001 

Within Groups 9.016 40 .225 

Critical Between Groups .264 2 .132 
.184 .833 

Within Groups 28.713 40 .718 

Based on Table 4, the implementation of AR-integrated e-worksheet guided inquiry resulted in 

alignment of 21st-century skills specifically communication, collaboration, and critical thinking when 

examined in terms of learning styles. In contrast, creativity skills showed significant differences.  

The implementation of augmented reality (AR)-based e-worksheet guided inquiry has a positive impact 

on 21st-century skills, particularly in communication, collaboration, and critical thinking, and is relatively 

consistent across various learning styles. Students with visual, auditory, and kinesthetic learning styles 

demonstrated balanced achievement in all three skills following this innovative media-based learning 

approach. This reinforces the assumption that the integration of AR into guided inquiry can provide a 

multisensory and contextual learning experience, thereby facilitating diverse learning needs (C. H. Chen & 

Chu, 2024; Crogman et al., 2025). 

Guided inquiry places students at the center of learning and provides space for exploration, observation, 

and the development of understanding through the scientific process. Combining guided inquiry with AR 

technology makes learning more concrete and interactive, enabling effective collaboration and communication 

among students as they explore the material. According to Rasyid Ridlo et al. (2024), the inquiry approach not 

only develops conceptual understanding but also scientific process skills closely related to critical thinking. At 

the same time, AR technology, with its additional layer of spatial visualization and interactive simulations, 

strongly supports students with visual and kinesthetic learning styles (Alvarez-Marin & Velazquez-Iturbide, 

2021; Lin et al., 2024; Wang et al., 2024). 

In contrast to creativity skills, there are significant differences among learning styles in the development 

of this aspect. Students with kinesthetic and visual learning styles tend to demonstrate greater creativity than 

those with auditory learning styles. This is explained by Fleming’s VAK theory, which states that visual and 

kinesthetic learners benefit more from image-based learning materials and direct interaction. The learning 

context with AR provides a hands-on experience in manipulating virtual objects, which can inspire students to 

generate original ideas and solve problems creatively (K. Lee et al., 2020). Conversely, students with an 

auditory learning style may struggle to fully express their creativity because the primary stimuli in AR media 

are visual and motion-based, rather than sound or lengthy narration. Research by Alvarez-Marin & Velazquez-

Iturbide (2021) states that the success of AR media depends heavily on how its multimedia elements are 

accessed by users, and research by Huang et al. (2020) indicates that if AR is not tailored to learning 

preferences, its effects may be uneven or lead to significant differences. To determine whether or not there are 

significant differences, a post hoc test was used, the results of which are presented in Table 5. 

Table 5. Post Hoc Test Results 

Multiple Comparisons 

Dependent Variable Learning Style Learning Style Mean Difference  Std. Error Sig. 

Communication Bonferroni Audio Visual .47368 .23028 .139 

Kinesthetic .18182 .26210 1.000 

Visual Audio -.47368 .23028 .139 

Kinesthetic -.29187 .24240 .707 

Kinesthetic Audio -.18182 .26210 1.000 
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Multiple Comparisons 

Dependent Variable Learning Style Learning Style Mean Difference  Std. Error Sig. 

Visual .29187 .24240 .707 

Collaboration Bonferroni Audio Visual -.37652 .23877 .368 

Kinesthetic -.14685 .27176 1.000 

Visual Audio .37652 .23877 .368 

Kinesthetic -.22967 .25132 1.000 

Kinesthetic Audio .14685 .27176 1.000 

Visual .22967 .25132 1.000 

Creativity Bonferroni Audio Visual .04196 .17088 .003 

Kinesthetic -.61134* .19450 1.000 

Visual Audio -.04196 .17088 .003 

Kinesthetic -.56938* .17987 .009 

Kinesthetic Audio -.61134* .19450 1.000 

Visual .56938* .17987 .009 

Critical Bonferroni Audio Visual -.18219 .30495 1.000 

Kinesthetic -.07692 .34709 1.000 

Visual Audio .18219 .30495 1.000 

Kinesthetic .10526 .32099 1.000 

Kinesthetic Audio .07692 .34709 1.000 

Visual -.10526 .32099 1.000 

*. The mean difference is significant at the 0.05 level. 

The visual results in the form of a graph from the post hoc ANOVA (Bonferroni) test above are shown 

in Figure 1. 

 

Figure 1. Comparison of Students’ 21st-Century Skills by Learning Style and Gender 

Referring to Table 5 and Figure 1, female students with an auditory learning style outperformed their 

peers in communication skills. Next, male students with a kinesthetic learning style outperformed their peers 

in collaboration skills. Female students with a visual learning style excelled in critical thinking skills. Finally, 

male students with a kinesthetic learning style outperformed their peers in creativity skills. Students with an 

auditory learning style are more responsive to information presented orally or in the form of discussions and 

narratives. In the implementation of e-worksheet guided inquiry, problem-solving or idea-exploration sessions 

typically involve verbal interaction with both groupmates and the teacher. This is an advantage for auditory 

learners, who naturally possess the ability to listen actively and express ideas verbally in a more expressive 

manner, thereby fostering the development of communication skills. Research by Kossyvaki & Curran (2020) 

also reinforces that technology-based learning environments incorporating narration, music, or verbal 

interaction can significantly enhance the creativity and communication skills of auditory learners. 

Consequently, although Augmented Reality (AR) media are predominantly visual, when combined with verbal 

activities in guided inquiry, auditory learners can actually demonstrate high performance. 

In contrast, students with a visual learning style demonstrate higher achievement in collaboration and 

critical thinking. This is explained by the characteristics of AR, which provides 3D object visualizations, 

interactive simulations, and spatial data presentation all of which align well with visual learning preferences. 

When students engage in AR-based observation and exploration activities, they gain the opportunity to 
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analyze, compare, and interpret visuals a tangible manifestation of critical thinking skills. In guided inquiry, 

students are asked to observe, formulate problems, collect data, and draw conclusions. This process is highly 

visual when combined with AR, as visual learners grasp patterns, relationships, and structures more quickly 

through graphical displays or visual models. According to Girwidz & Kohnle (2021), Multimedia Learning 

theory emphasizes that visualization in digital media strengthens the connection between verbal and nonverbal 

representations, thereby enhancing cognitive processing and supporting higher-order thinking skills. 

Furthermore, collaboration skills in the context of AR use encourage students to help one another operate 

or understand visualizations, which strengthens the role of visual learners within the group. They are able to 

guide discussions based on visual interpretations, which then becomes an active contribution to the group 

collaboration process. Research by Sudirman et al. (2025) shows that the use of AR in collaborative learning 

enhances coordination, visual-based discussions, and joint problem-solving, which greatly supports visual 

learners. 

GLM Test 

The GLM test is used to find out whether the innate factors of the dependent variable, namely 21st-

century skills, also have an influence on treatment. The results are shown in Table 6.  

Table 6. Results of the GLM Test of 21st-Century Skills by Learning Style and Gender 

Tests of Between-Subjects Effects 

Source Dependent Variable df Mean Square F Sig. Partial Eta Squared 

Gender Communication 1 .104 .230 .634 .006 

Collaboration 1 .002 .004 .948 .000 

Creativity 1 .604 1.997 .166 .049 

Critical 1 .451 .685 .413 .017 

Learning Style Communication 1 .243 .539 .467 .014 

Collaboration 1 .074 .209 .650 .005 

Creativity 1 .019 .063 .803 .002 

Critical 1 .040 .060 .808 .002 

The results of the GLM test shown in Table 6 indicate that the implementation of AR-based e-worksheet 

guided inquiry has been able to align all 21st-century skills regardless of students’ gender or learning style. 

This statement is supported by the significant values for each skill being >0.05. It is further evidenced by the 

relatively very small partial eta-squared values, meaning that gender and learning styles do not influence 

learning outcomes when using AR-based e-worksheet guided inquiry. This condition indirectly indicates that 

the implementation of this learning approach is capable of accommodating and facilitating differences in 

students’ gender and learning styles. Gender showed no significant effect because the learning design provided 

equal access, participation opportunities, and instructional support for all students regardless of gender. The 

use of guided inquiry with Augmented Reality created a collaborative and student-centered environment where 

both male and female students engaged in the same tasks, used the same digital resources, and received similar 

teacher guidance. At the junior high school level, differences in science achievement are often more strongly 

influenced by learning experiences and classroom interaction than by gender itself (Ekatushabe et al., 2021). 

The technology-supported inquiry process minimized traditional gender stereotypes in science learning by 

focusing students on exploration, discussion, and problem-solving rather than competition, resulting in 

relatively similar learning outcomes across gender groups. 

Level of Difficulty of Students’ 21st-Century Skills 

 First, the difficulty levels of students’ 21st-century skills are presented based on skill indicators, ranging 

from the easiest to hardest for students answer or meet. The results are shown in Figure 2. 

 
Figure 2. Level of Difficulty of Students’ 21st-Century Skills 
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Based on Figure 2 above, the critical thinking skill indicators were the most difficult for students to meet 

or answer. Meanwhile, the easiest to answer or meet were the creativity and communication skill indicators. 

In contrast, collaboration skills were assumed to fall into the moderate category in terms of students’ ability to 

meet them. Further examination is needed regarding the difficulty levels of students’ 21st-century skills based 

on their research class, gender, and learning style. The results are shown in Figure 3 below. 

 
Figure 3. Level of Difficulty of 21st-Century Skills by Learning Style and Gender 

 Referring to Figure 3 above, female students with a kinesthetic learning style in the experimental class 

(01EFC) demonstrated the highest/most advanced 21st-century skills. They were followed by students from 

classes 02EMV, 10EMV, 18EFC, 19EMC, and 31CFV, who also demonstrated the highest/most advanced 21st-

century skills. Based on the general distribution, students in the experimental class outperformed those in the 

control class. This finding suggests that the implementation of AR-based e-worksheet guided inquiry is capable 

of enhancing students’ 21st-century skills. 

N-gain score 

The results of the N-gain test were used to determine the category of improvement in the value of AR-

based e-worksheet guided inquiry learning treatment in experimental classes when reviewed from 3 facts, 

namely class, gender, and learning style. The results are shown in Table 7. 

Table 7. Results of the N-Gain Score Test for 21st-Century Skills 

 Research Class Statistic 

N Gain (%) Experiment Mean 65.3785 

Control Mean 37.8058 

 Gender Statistic 

N Gain (%) Female Mean 58.9545 

Male Mean 54.5356 
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 Learning Style Statistic 

N Gain (%) Audio Mean 53.0264 

Visual Mean 59.0901 

Kinesthetic Mean 57.2902 

The results of the n-gain score test (Table 7) show that the average improvement in 21st-century skills 

in the experimental class was 65.38% (moderately effective), which is significantly higher than that of the 

control class, which was classified as less effective. These results indicate that the implementation of AR-

based e- worksheet guided inquiry is quite effective in improving students’ 21st-century skills compared to 

conventional e-worksheet guided inquiry. Further analysis by gender revealed that the implementation of AR- 

based e-worksheet guided inquiry was more effective in improving 21st-century skills among female students, 

with a “fairly effective” rating (58.95%). Research by Hyde (2024) indicates that gender differences in learning 

outcomes are actually small; however, in certain contexts (such as more communicative or collaborative 

methods), female students tend to be more responsive. The final analysis regarding students’ learning styles 

revealed that students with a visual learning style showed the most significant improvement in 21st-century 

skills due to the implementation of AR-based e-worksheet guided inquiry, with a “moderately effective” rating 

(59.09%). This aligns with Fleming’s VARK Learning Modalities theory, which states that learning 

effectiveness can be enhanced when methods are tailored to students’ learning styles. Since the implementation 

of learning media is visual in nature, students with a visual learning style will find it easier to understand and 

absorb the material. 

The Effectiveness of Augmented Reality-Based E-Worksheet Guided Inquiry on 21st-Century Skill 

The results of the study indicate that the implementation of Augmented Reality (AR)-based guided 

inquiry e-worksheets is effective in enhancing students’ 21st-century skills in science education. This 

effectiveness is evident from the increase in the n-gain score, which reached an average of 65.38% in the 

experimental class (classified as “moderately effective”), far exceeding the control class’s score of 37.80% 

(classified as “less effective”). These findings indicate that the integration of AR into e-worksheets is capable 

of creating a more meaningful, interactive, and contextual learning experience, which supports the 

simultaneous development of communication, collaboration, critical thinking, and creativity skills (Ekawati et 

al., 2018; Yanto et al., 2024). 

From a theoretical perspective, guided inquiry emphasizes the scientific thinking process through the 

stages of exploration, problem formulation, hypothesis testing, and drawing conclusions (Asmoro et al., 2021; 

Wen et al., 2020). When this model is combined with AR technology, students do not merely act as recipients 

of information, but as discoverers and creators of knowledge. The visualization of 3D objects in AR bridges 

abstract science concepts to make them more concrete, thereby facilitating the formation of cognitive 

connections between theory and real-world phenomena. This aligns with the views of Wei et al. (2020) and 

Lee et al. (2024), who state that the integration of AR in science learning enhances conceptual understanding, 

as students engage in spatial observation and exploration based on direct experience. 

ANOVA analysis confirms this effectiveness. A significance value of 0.008 (<0.05) for the posttest 

scores indicates that there was a significant difference between the experimental and control groups after the 

intervention was administered. This finding indicates that AR-enhanced e-worksheet guided inquiry 

significantly improves 21st-century skills compared to conventional learning. Post hoc tests revealed a 

dominant difference in creativity skills, while communication, collaboration, and critical thinking were 

relatively comparable. This suggests that while all aspects improved, the visual and interactive stimuli of AR 

had the strongest impact on the development of students’ creativity. These findings align with the research by 

Martín-Mariscal et al. (2025) and Kumar & Agarwal (2025), which confirm that AR-based media stimulate 

divergent thinking by providing space for free exploration, object manipulation, and the testing of new ideas. 

In the context of guided inquiry, such exploration is guided by a structured scientific framework, ensuring that 

creativity does not develop randomly but is directed toward solving real-world problems. Consequently, AR 

functions not only as a visualization tool but also as a cognitive amplifier that expands students’ capacity for 

creative thinking. 

Interestingly, the results of the GLM analysis showed that gender and learning style did not have a 

significant effect (sig. >0.05) on learning effectiveness. This means that AR-based e-worksheet guided inquiry 

is inclusive and adaptive to individual differences. The very small partial eta-squared value confirms that 

variations in outcomes are more determined by the quality of interaction with the media and the inquiry 
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process, rather than by biological differences or learning preferences. This supports the principle of student- 

centered learning that good digital media can balance the diversity of student characteristics (Bhardwaj et al., 

2025; Zhao et al., 2022). Nevertheless, descriptive analysis reveals an interesting pattern: female students with 

an auditory learning style tend to excel in communication, while male students with a kinesthetic learning style 

stand out in collaboration and creativity. These findings can be explained by VARK theory, which states that 

learning effectiveness increases when instructional media align with an individual’s dominant learning 

modality. AR provides a multisensory experience that balances visual and kinesthetic needs, yet auditory 

learners still benefit from verbal interaction during group inquiry discussions, scientific arguments, and 

reflection on results (Shihab et al., 2023). The success of AR in the context of guided inquiry is not solely due 

to visualization, but because it integrates into a collaborative social learning system. 

Another interesting finding is that the difficulty level of 21st-century skills indicators shows that critical 

thinking remains the most challenging aspect for students, while creativity and communication are easier to 

achieve. This indicates that although AR can enhance visual exploration and creative ideas, the development 

of critical thinking still requires reflective guidance and the reinforcement of metacognitive processes. Lim 

(Supriadi et al., 2023). emphasizes that effective inquiry must prioritize the reflection phase and the 

justification of arguments based on data, rather than merely exploring phenomena. Therefore, the integration 

of AR should be accompanied by scaffolding of analytical questions so that students are not merely captivated 

by visual displays but are also encouraged to rationally assess and evaluate scientific evidence. 

Creativity emerged as the most improved aspect because the guided inquiry e-worksheet supported by 

Augmented Reality provided students with opportunities to explore scientific concepts through open-ended 

investigation and visual experimentation. Unlike conventional worksheets that often emphasize fixed 

procedures and single correct answers, AR-assisted inquiry allowed students to manipulate objects, observe 

multiple possibilities, and generate their own interpretations of scientific phenomena (Mansour et al., 2025). 

This learning environment encouraged divergent thinking, curiosity, and idea generation, which are central 

components of creativity. The interactive visualization of abstract science concepts also reduced cognitive 

barriers, enabling students to focus more on exploration and problem-solving rather than memorization, 

thereby strengthening creative engagement during the learning process. 

Based on the n-gain scores by learning style, the highest improvement was found among visual learners 

(59.09%), followed by kinesthetic learners (57.29%) and auditory learners (53.02%). This confirms that the 

predominance of visual elements in AR provides an advantage for visual learners. However, the relatively 

balanced results across the three learning styles indicate that this medium is sufficiently universal for various 

types of students. This effectiveness is also reflected in gender differences: although female students achieved 

a higher average increase (58.95%) compared to male students (54.53%), the difference was not statistically 

significant. This means that AR successfully provides an equitable learning experience that is not gender-

biased, reinforcing Lo et al (2021) finding that gender-based differences in learning outcomes tend to be small 

when instructional design is collaborative and participatory. 

In general, the integration of AR-enhanced e-worksheet-guided inquiry has proven to be effective, 

inclusive, and adaptable to student characteristics. It not only improves cognitive outcomes but also fosters 

soft skills such as scientific communication and teamwork. Learning becomes more contextual because 

students can directly connect scientific concepts with reality as visualized through AR. Several pedagogical 

factors explain these findings, particularly the structured nature of guided inquiry and the support of 

Augmented Reality visualization. Guided inquiry provided clear stages such as questioning, investigation, 

observation, analysis, and conclusion, helping students think scientifically and systematically. AR made 

abstract concepts more concrete and accessible, increasing students’ confidence and participation. Teacher 

scaffolding ensured students stayed focused and received guidance when facing difficulties. In addition, 

collaborative group work encouraged discussion and idea exchange, creating a learning environment that 

supported creativity, critical thinking, and equal participation among students. 

This study has several limitations, including a small sample of 43 eighth-grade students from one junior 

high school, which may limit the generalizability of the findings. The short intervention period may not fully 

reflect the long-term effects of AR-assisted guided inquiry learning, and the use of self-report questionnaires 

for learning styles may introduce subjectivity. Despite these limitations, the study shows that guided inquiry 

supported by augmented reality can improve creativity, collaboration, and scientific understanding. For 

practical implementation, teachers should select science topics involving abstract concepts and design AR-

based worksheets that guide students through inquiry stages such as observing, questioning, analyzing, and 
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concluding. Effective implementation also requires teacher training in both technical and pedagogical aspects, 

as well as adequate school facilities, including internet access, mobile devices, and technological infrastructure, 

to support sustainable classroom practice. 

CONCLUSION 

This study demonstrates that augmented reality-assisted guided inquiry e-worksheets are effective in 

improving students’ twenty-first century skills in science learning. Statistical findings showed a significant 

difference in posttest performance between the experimental and control groups, with an average n-gain score 

of 65.38%, indicating moderate effectiveness. Among the assessed dimensions, creativity showed the greatest 

improvement, followed by communication, collaboration, and critical thinking. The findings also indicate that 

gender and learning style did not significantly influence learning outcomes, suggesting that the instructional 

design was sufficiently inclusive and adaptive across different student characteristics. Although descriptive 

differences appeared across groups, these variations were not statistically meaningful. These findings suggest 

that integrating guided inquiry with augmented reality provides a contextual and interactive learning 

environment that supports active knowledge construction and the development of higher-order competencies. 

Therefore, AR-assisted inquiry-based e-worksheets may serve as a promising instructional alternative for 

science education, particularly for strengthening students’ twenty-first century skills through technology-

supported and student-centered learning. 
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